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(57) Abstract: A fingerprint sensor may include 
a plurality of electrostatic discharge (ESD) 
electrodes carried by a dielectric layer of a 
fingerprint sensing portion. The fingerprint 
sensing portion is for sensing a fingerprint 
of a user. The fingerprint sensing portion 
may include the dielectric layer, and, in some 
embodiments, may also include an array of 
sensing electrodes also carried by the dielectric 
layer. Accordingly, each ESD electrode may be 
interposed between adjacent sensing electrodes. 
The ESD electrodes attract ESD events and 
dissipate the energy therein to avoid damaging 
adjacent sensing electrodes and/or portions of 
the dielectric layer. The fingerprint sensor may 
also include an electrically conductive layer 
connected to the ESD electrodes, which may 
provide a convenient ground plane, for example, 
for removing ESD energy from the fingerprint 
sensor. The electrically conductive layer may 
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FINGERPRINT SENSOR HAVING ENHANCED ESD 
PROTECTION AND ASSOCIATED METHODS 

Field of the Invention 

The present invention relates to fingerprint 
sensors, and more particularly, to fingerprint sensor 
and related methods providing ESD protection. 

5 Background of the Invention 

Fingerprint sensing and matching is a 
reliable and widely used technique for personal 
identification or verification. In particular, a 
common approach to fingerprint identification involves 

10 scanning a sample fingerprint or an image thereof and 
storing the image and/or unique characteristics of the 
fingerprint image. The characteristics of a sample 
fingerprint may be compared to information for 
reference fingerprints already in a database to 

15 determine proper identification of a person, such as 
for verification purposes. 

A significant advance in the area of 
fingerprint sensors is described, for example, in U.S. 
Patent Nos. 5,862,248; 5,940,526; and 5,963,679 all 

2 0 assigned to AuthenTec Inc., the assignee of the present 
invention. Each of the patents discloses an integrated 
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circuit f ingerprint sensor including a substrate and 
active devices formed therein. A patterned 
metallization layer embedded in a dielectric layer over 
the substrate provides electric field sensing 
5 electrodes. A shield electrode surrounds each sensing 
electrode, and a sharp and accurate image of the 
fingerprint is generated by the sensor. An 
encapsulating package surrounds the integrated circuit, 
but has an opening therein to expose the fingerprint 

10 sensing portion. 

The Setlak et al. '526 patent, for example, 
also discloses an electrode ring carried by the 
encapsulating package adjacent the finger receiving 
opening. This electrode ring contacts the finger of 

15 the user to thereby collect and dissipate any 
electrostatic charge carried by the person. 
Electrostatic discharge (BSD) , is the transfer of an 
electrostatic charge between bodies at different 
electrostatic potentials, such as caused by direct 

20 contact or induced by an electrostatic field. 

Electronic devices may be especially prone to damage 
from ESD events . 

Another related approach to providing ESD 
protection in an integrated circuit fingerprint sensor 

25 is disclosed in published U.S. Patent Application No. 
2001/0012384 Al to Kalnitsky et al. This application 
discloses a planar fingerprint pattern detecting array 
including a large number of individual sensing cells in 
a dielectric layer that are arranged in a row/column 

30 configuration. To provide protection against 

electrostatic discharge, the sensor includes metal 
paths within the dielectric layer that spatially 
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surround each of the sensing cells. The metal paths 
are directly connected to ground. 

Although the ring electrode disclosed in the 
Setlak et al . 4 526 patent surrounding the package 
thereof significantly reduces the likelihood of damage 
from an BSD event/ some BSD events may still cause a 
discharge to the electric field sensing electrodes, for 
example. Such an BSD event may damage the sensing 
electrodes and/or the processing circuitry connected 
thereto. While the metal paths which surround the 
sensing cells disclosed in the Kalnitsky et al* 
application may provide some additional protection 
against a discharge to the electric field sensing 
electrodes, this approach may limit the surface area 
available for the sensing cells and not be effective 
for some BSD events. 

Summary of the Invention 

In view of the foregoing background, it is 
20 therefore an object of the present invention to provide 
a fingerprint sensor and associated method so that the 
sensor enjoys enhanced ESD protection to thereby 
provide greater reliability. 

This and other objects, features and 
25 advantages in accordance with the present invention are 
provided by a fingerprint sensor including a plurality 
of electrostatic discharge (ESD) electrodes carried by 
a dielectric layer of a fingerprint sensing portion. 
More particularly, the fingerprint sensing portion is 
3 0 for sensing a fingerprint of a user positioned adjacent 
thereto. The fingerprint sensing portion may include 
the dielectric layer , and, in some embodiments, may 
also include an array of sensing electrodes also 
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carried by the dielectric layer. Accordingly/ each ESD 
electrode may be interposed between adjacent sensing 
electrodes. The BSD electrodes attract ESD events and 
dissipate the energy therein to avoid damaging adjacent 
5 sensing electrodes and/or portions of the dielectric 
layer . 

The fingerprint sensor may also include an 
electrically conductive layer connected to the ESD 
electrodes, which may provide a convenient ground 
10 plane, for example, for removing ESD energy from the 

fingerprint sensor. The electrically conductive layer 
may extend beneath the sensing electrodes. 

The ESD electrodes may be exposed at an upper 
surface of the dielectric layer. The sensing 
15 electrodes may also be embedded in the dielectric 

layer. In addition, the fingerprint sensing portion 
may further comprise an electrically conductive guard 
ring surrounding each sensing electrode. 

Outermost ones of the sensing electrodes may 
20 be considered as defining an available sensing area. 

To provide a balance between ESD protection and desired 
fingerprint image quality, the ESD electrodes may 
occupy less than about ten percent of the available 
sensing area, and, more preferably, less than two 
25 percent of the available sensing area. 

Each sensing electrode may be of a same size. 
In these embodiments, the array of sensing electrodes 
may also be arranged in a regular grid pattern with 
predetermined locations within the grid pattern being 
30 unoccupied by sensing electrodes, and, instead, 
occupied by respective ESD electrodes. 

Also, each of the ESD electrodes may have a 
smaller size than the size of the sensing electrodes so 
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as to define an enlarged spacing between each BSD 
electrode and adjacent sensing electrodes. This also 
serves to enhance protection of the adjacent sensing 
electrodes . 

5 In other embodiments, each sensing electrode 

may have a generally rectangular shape. Moreover, the 
sensing electrodes adjacent each BSD electrode may have 
cut-off corner portions to provide spacing for each ESD 
electrode. Also, the BSD electrodes may have a 

10 substantially similar shape as the sensing electrodes 
in some embodiments. 

The fingerprint sensing portion may further 
include a semiconductor substrate adjacent the 
dielectric layer and having active semiconductor 

15 devices formed therein. In other words, the 

fingerprint sensing portion may be provided by an 
integrated circuit including active processing 
circuitry formed therein. Of course, in other 
embodiments, the active circuitry may be provided by 

20 circuitry separate and apart from the fingerprint 
sensing portion. 

Each BSD electrode may include a vertically 
conducting portion extending through the dielectric 
layer, and an enlarged top portion connected thereto. 

25 The enlarged top portion may comprise gold, for 

example. The fingerprint sensor may also include a 
package surrounding the fingerprint sensing portion. 
The package preferably has an opening therein to expose 
an upper surface of the fingerprint sensing portion. 

30 Additionally, at least one respective 

isolation element may be used for connecting each of 
the ESD electrodes to the electrically conductive 
layer. By way of example, the isolation elements may 
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include one or more of diodes, Zener diodes, resistors, 
and/ or transistors. 

A method aspect of the invention is for 
making a fingerprint sensor. In particular, the method 
5 may include forming an electrically conductive layer 
and forming a fingerprint sensing portion adjacent the 
electrically conductive layer for sensing a fingerprint 
of a user positioned adjacent thereto. The fingerprint 
sensing portion may include a dielectric layer and an 

10 array of sensing electrodes carried thereby. Further, 
the electrically conductive layer may extend beneath 
the sensing electrodes. In addition, the method may 
also include forming a plurality of electrostatic 
discharge (BSD) electrodes interposed between adjacent 

15 sensing electrodes and carried by" the dielectric layer 
for BSD protection of the fingerprint sensing portion. 
Also, each BSD electrode may be connected to the 
electrically conductive layer. 



20 Brief Description of the Drawings 

PIG. 1 is a schematic perspective view of an 
embodiment of a fingerprint sensor in accordance with 
the present invention. 

FIG. 2 is a greatly enlarged schematic top 
25 plan view of the surface of the fingerprint sensing 
portion of the sensor as shown in FIG. 1. 

FIG. 3 is a greatly enlarged schematic cross- 
sectional view taken along line 3-3 of FIG. 2. 

FIG. 4 is a greatly enlarged schematic top 
3 0 plan view of the surface of a fingerprint sensing 

portion of another embodiment of a fingerprint sensor 
in accordance with the present invention. 
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FIG. 5 is a greatly enlarged schematic cross - 
sectional view similar to that of FIG, 3 illustrating 
an alternate embodiment of the invention. 

FIGS. 6-9 are schematic block diagrams 
5 illustrating various isolation devices for connecting 
the vertically conducting portion and the electrically 
conductive layer of FIG. 5. 



Detailed Description of the Preferred Embodiments 

10 The present invention will now be described 

more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments 
of the invention are shown. This invention may, 
however, be embodied in many different forms and should 

15 not be construed as limited to the embodiments set 

forth herein. Rather, these embodiments are provided 
so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to 
those skilled in the art. The sizes of regions and 

20 layers may be exaggerated in the drawings for greater 
clarity. Like numbers refer to like elements 
throughout, and prime and multiple prime notation is 
used to indicate similar elements in alternate 
illustrated embodiments . 

25 Referring initially to FIGS. 1-3 a first 

embodiment of a fingerprint sensor 20 in accordance 
with the present invention is now described. The 
fingerprint sensor 20 enjoys enhanced ESD protection to 
thereby provide greater reliability. The fingerprint 

30 sensor 20 illustratively includes a plurality of BSD 
electrodes 25 carried by a dielectric layer 24 of a 
fingerprint sensing portion 23. The fingerprint 
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sensing portion 23 is for sensing a fingerprint 27 of a 
user positioned adjacent the sensing portion. 

The fingerprint sensing portion 23 
illustratively includes the dielectric layer 24, and, 

5 an array of sensing electrodes 30 carried by the 

dielectric layer. The sensing electrodes 30 may be for 
sensing an electric field, for example, as used 
hereafter for purposes of illustration. Each ESD 
electrode 25 is interposed between adjacent electric 

10 field sensing electrodes 30. As will be readily 
appreciated by those skilled in the art, the ESD 
electrodes 25 attract ESD events and dissipate the 
energy therein, such as through a ground connection. 
This reduces a likelihood of damaging adjacent electric 

15 field sensing electrodes 30 and/or portions of the 
dielectric layer 24 when an ESD event occurs. 

For those embodiments including a 
semiconductor substrate 28 with active semiconductor 
devices 51" formed therein (FIG. 5) , the ESD electrodes 

20 25 also protect against damage to the active circuitry. 
In other words, in these embodiments, the fingerprint 
sensing portion 23 may be provided by an integrated 
circuit including active processing circuitry formed 
therein. As will also be appreciated by those skilled 

25 in the art, in other embodiments, the active image 
processing circuitry may be provided on another 
substrate or chip separate from the fingerprint sensing 
portion 23 . 

As understood with specific reference to FIG. 
3 0 l, the fingerprint sensor 20 may also comprise a 

package 27 surrounding the fingerprint sensing portion 
23. The package 27 has an opening therein to expose an 
upper surface of the fingerprint sensing portion 23. 
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The package 27 also illustratively includes a plurality 
of conductive pins 38 extending outwardly therefrom to 
connect to associated circuitry as will be appreciated 
by those skilled in the art, 
5 As shown perhaps best in the cross-sectional 

view of FIG. 3 # the ESD electrodes 25 may be exposed at 
an upper surface of the dielectric layer 24, As also 
shown in this figure, the electric field sensing 
electrodes 30 may be embedded in the dielectric layer 
10 24. Of course, in yet other embodiments, the ESD 

electrodes 25 may be embedded in the dielectric layer 
24 and/or the electric field sensing electrodes 30 may 
be exposed at the upper surface. The ESD electrodes 25 
may also extend slightly above the adjacent surface of 
15 the dielectric layer 24 in other embodiments, and as 
will also be appreciated by those skilled in the art. 

The fingerprint sensing portion 23 may also 
optionally include an electrically conductive guard 
ring 31 surrounding each electric field sensing 
20 electrode 30. This optional guard ring 31 is provided 
in slightly spaced relation from the adjacent portions 
of the electric field sensing electrode 30. In 
addition, each guard ring 31 is slightly spaced apart 
from neighboring guard rings. 
25 The electric field sensing electrode 30 

and/or associated optional guard ring 31 may be 
considered as providing a pixel element for imaging of 
the fingerprint 27. Additional details on the 
operation of the electric field sensing electrodes 30, 
30 associated guard rings 31, and related processing 

circuitry may be found in U.S. Patent No. 5,940,526 to 
Setlak et al., for example, the entire contents of 
which are incorporated herein by reference. Those of 
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skill in the art will recognize that other types of 
fingerprint sensing portions 23, such as based on other 
sensing technology, may also advantageously include the 
BSD electrodes 25 in accordance with the present 
5 invention. In slightly different terms, the BSD 

electrodes 25 may be considered as BSD lightning rode 
which are positioned between adjacent ones of the image 
sensing pixel elements to protect the other components 
from ESD damage, 
XO Outermost ones of the electric field sensing 

electrodes 30 may be considered as defining an 
available sensing area. For example, in a related 
commercial fingerprint sensor offered by the assignee 
of the present invention under the designation 
15 FingerLoc™ AF-S2™, the area is about 13mm (0.5 in) 

square. This is made up of 16,384 individual elements 
arranged in a 128 x 128 pattern. In another 
commercially available sensor embodiment offered under 
the designation EntrSPad™, the available sensing area 
20 is 11.43mm (0.45 in) square, which is composed of 9,216 
individual elements arranged in a 96 x 96 square 
pattern. Of course, other areas and numbers of pixel 
elements are contemplated by the invention as will be 
appreciated by those skilled in the art. 
25 To provide a balance between ESD protection 

and desired fingerprint image quality, the ESD 
electrodes may occupy less than about ten percent of 
the available sensing area, and, more preferably, less 
than two percent of the available sensing area. In an 
3 0 embodiment described in greater detail below, one of 
every 64 pixels is replaced with an ESD electrode so 
that the available sensing area used for ESD is 1/64 or 
1.56 percent. 
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In the illustrated embodiment of FIGS. 1-3, 
each electric field sensing electrode 30 may have a 
generally rectangular or square shape. The array of 
electric field sensing electrodes 30 may be such that 
5 centers of the electric field sensing electrodes are 
located along a regular grid pattern. Moreover, the 
electric field sensing electrodes 30 adjacent each ESD 
electrode 25 may have cut-off corner portions to 
thereby provide spacing for each ESD electrode 25 . 
10 Further, in the illustrated embodiment, the ESD 

electrodes 25 are slightly smaller squares rotated 
ninety degrees with respect to the electric field 
sensing electrodes 30. Of course, those of skill in 
the art will appreciate other equivalent arrangements 
15 for providing an array of ESD electrodes 25 within an 
array of electric field sensing electrodes 30 or other 
types of image sensing pixels. 

As shown perhaps best in the cross -sectional 
view of FIG. 3, each ESD electrode 25 may be provided 
20 by a vertically conducting portion 35 extending through 
the dielectric layer 24, and an enlarged top portion 36 
connected thereto. The enlarged top portion 36 may 
comprise gold, for example, or other material that 
provides good electrical conductivity, yet which is 
25 resistant to corrosion or degradation when exposed. An 
optional barrier layer 37, such as formed of titanium 
nitride, for example, may be provided to line the 
opening filled by the top portion 3 6 of the ESD 
electrode 25. 

30 Referring now additionally to FIG. 4, another 

embodiment of a fingerprint sensor 20 1 and fingerprint 
sensing portion 23 1 is now described. This embodiment 
includes a different arrangement of electric field 
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sensing electrodes 30 1 and ESD electrodes 25*. More 
particularly, each of the array of electric field 
sensing electrodes 30" is generally of a same size, 
such as rectangular, and more specifically square, as 
5 shown. The array of electric field sensing electrodes 
30 1 is also arranged in a regular grid pattern with 
predetermined locations within the grid pattern being 
unoccupied by electric field sensing electrodes and 
instead occupied by respective ESD electrodes 25 1 . 
10 For example, an ESD electrode may be provided 

at every eighth position in both the X and Y 
directions, although other configurations are possible. 
Optional spaced apart guard rings 31 1 are also shown 
in the illustrated embodiment. Of course, in other 
15 embodiments, a regular grid pattern need not be used. 

Each of the ESD electrodes 25* may have a 
smaller size than the size of the electric field 
sensing electrodes 30 1 or combination of the electric 
field sensing electrodes and guard rings 31' so as to 
20 define an enlarged spacing between each ESD electrode 
25 1 and adjacent electric field sensing electrodes. 
This increased spacing may prevent arcing between the 
ESD electrode 25 • and the adjacent electric field 
sensing electrodes 30 ■ or guard rings 31 1 as will be 
25 appreciated by those skilled in the art. 

Turning more particularly to FIG. 5, yet 
another embodiment of the fingerprint sensor 20" is now 
described. In the illustrated embodiment, the 
fingerprint sensor 20" includes an electrically 
30 conductive layer 50" (e.g., a metal layer) adjacent the 
dielectric layer 24" and extending beneath the electric 
field sensing electrodes 30". More specifically, a 
dielectric layer 52" is preferably formed on the 
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substrate 28" , and the electrically conductive layer 
50" is formed between the dielectric layer 52" and the 
dielectric layer 24". Of course, in other embodiments 
additional conductive and/or dielectric layers may be 
5 provided between the conductive layer 50" and the 
substrate 28" • Also, additional conductive and/or 
dielectric layers may be provided between the 
conductive layer 50" and the sensing electrodes 30", 
for example , 

10 The electrically conductive layer 50" is 

preferably connected to one or more of the pins 38 
(PIG. 1) (e.g., power and/ or ground pins) and may 
advantageously provide a convenient ground plane for 
conducting ESD energy safely away from the sensing 
15 electrodes 30 w and active semiconductor devices 51" and 
out of the package 27 via the pin(s) . Optional 
protective diodes or bipolar semiconductor devices (not 
shown) may also be used to provide additional ESD 
protection, and such devices may be connected between 
20 the electrically conductive layer 50" and the power 

and/or ground pins 38 that conduct the ESD energy away 
from the fingerprint sensor 20", as will be appreciated 
by those of skill in the art. 

Additionally, reference voltages and signal 
25 grounds for the electric field sensing electrodes 30" 
may be provided by independent distribution circuits 
(e.g., in the substrate 28") (not shown) that are 
separated from the electrically conductive layer 50" to 
further isolate these components from ESD energy. Of 
30 course, the electrically conductive layer 50" may also 
serve as a signal ground in some embodiments, as will 
be appreciated by those of skill in the art. 
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It should be noted that the vertically 
conducting portion 35" in FIG. 5 is illustratively 
relatively thick to provide greater conduction. 
Additionally, the vertically conducting portion 35" may 
5 also include multiple layers of metal to further 

promote conduction, as will be appreciated by those of 
skill in the art. Of course, numerous types and 
combinations of conductive materials and dimensions 
thereof may be used to provide desired conductivity in 

10 different applications, as will also be appreciated by 
those of skill in the art. The remaining elements 
illustrated in FIGS. 4 and 5 not specifically 
referenced herein are similar to those previously 
described above and therefore will not be discussed 

15 further herein. 

In other embodiments, at least one respective 
isolation element may be used for connecting each of 
the ESD electrodes 25" to the electrically conductive 
layer 50" . That is, the isolation elements isolate 

20 each pair of BSD electrodes 25" and respective 

vertically conducting portion 35" from one another and 
from the electrically conductive layer 50". This may 
further reduce the image quality degradation during 
non-ESD imaging which may otherwise occur from the use 

25 of the ESD electrodes 25", as will be understood by 
those skilled in the art. 

Referring more particularly to FIGS. 6-9, 
various examples of isolation elements are 
schematically shown which include Zener diodes 60" 

30 (FIG. 6), diodes 70" (e.g., clamping diodes) (FIG. 7), 
transistors 80" (FIG. 8), and/or resistors 90" (FIG. 
9) . By way of example, the transistor 80" is 
illustratively shown as an N-channel MOSFET, and it may 
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preferably include a relatively thick field gate oxide 
to provide a fast turn-on and less susceptibility to 
gate oxide breakdown. Of course, other suitable 
transistors may also be used. 
5 Each of the various isolation elements may be 

formed in the substrate 28", for example. The 
vertically conducting portions 35" would extend to the 
substrate 28 n to connect to one terminal of its 
respective isolation device, and the other terminal 
10 would be connected to the electrically conductive layer 
50". By way of example, the resistor 90" may be a 
diffused resistor. Other suitable isolation devices 
and configurations which will be apparent to those of 
skill in the art and may also be used. 
15 in other embodiments, more than one such 

isolation device may be used, such as back-to-back- 
Zener diodes connected between each ESD electrode 25" 
and the electrically conductive layer 50". In still 
further embodiments, both resistors and transistors 
20 (e.g., bipolar transistors) may be used to create a 
silicon controlled rectifier (SCR) , as will be 
appreciated by those of skill in the art. 

A method aspect in accordance with the 
invention is for making a fingerprint sensor 20. The 
25 method may include forming a fingerprint sensing 
portion 23 for sensing a fingerprint 27 of a user 
positioned adjacent thereto. The fingerprint sensing 
portion 23 may comprise a dielectric layer 24. The 
method may also include forming a plurality of ESD 
3 0 electrodes 25 arranged in an array and carried by the 
dielectric layer for ESD protection of the fingerprint 
sensing portion. Forming the ESD electrodes 25 may 
include forming the ESD electrodes in spaced apart 
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relation in a regular pattern across the fingerprint 
sensing portion 23. 

Forming the ESD electrodes 25 may comprise 
forming the ESD electrodes to be exposed at an upper 
5 surface of the dielectric layer. Forming the 

fingerprint sensing portion 23 may further comprise 
forming an array of electric field sensing electrodes 
30 embedded in the dielectric layer 24. Additional 
method aspects of the invention will be apparent to 
10 those of skill in the art based upon the above 

description and will therefore not be discussed further 
herein. 

Many modifications and other embodiments of 
the invention will come to the mind of one skilled in 

15 the art having the benefit of the teachings presented 
in the foregoing descriptions and the associated 
drawings. Therefore, it is understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that other modifications and 

20 embodiments are intended to be included within the 
scope of the appended claims. 
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THAT WHICH IS CLAIMED IS: 

1. A fingerprint sensor comprising: 
a fingerprint sensing portion for sensing a 
fingerprint of a user positioned adjacent thereto, said 
fingerprint sensing portion comprising a dielectric 
5 layer and an array of sensing electrodes carried 
thereby; 

a plurality of electrostatic discharge (BSD) 
electrodes also carried by said dielectric layer for 
BSD protection of said fingerprint sensing portion, 
10 each ESD electrode interposed between adjacent sensing 
electrodes; and 

an electrically conductive layer adjacent 
said dielectric layer and connected to said plurality 
of ESD electrodes, said electrically conductive layer 
15 extending beneath said sensing electrodes. 

2. A fingerprint sensor according to Claim 1 
wherein said plurality of BSD electrodes are arranged 
in spaced apart relation in a regular pattern across 
said fingerprint sensing portion. 

3. A fingerprint sensor according to Claim 1 
wherein said ESD electrodes are exposed at an upper 
surface of said dielectric layer. 

4. A fingerprint sensor according to Claim 1 
wherein said sensing electrodes are embedded in said 
dielectric layer. 



5. A fingerprint sensor according to Claim 1 
wherein outermost ones of said sensing electrodes 
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define an available sensing area; and wherein said BSD 

electrodes occupy less than about ten percent of the 
5 available sensing area. 



6. A fingerprint sensor according to Claim 1 
wherein each of said array of sensing electrodes is of 
a same size; and wherein said array of sensing 
electrodes are arranged in a regular grid pattern with 

5 predetermined locations within the grid pattern being 
unoccupied by sensing electrodes and instead occupied 
by respective ESD electrodes. 

7. A fingerprint sensor according to Claim 6 
wherein each of said ESD electrodes has a smaller size 
than the size of said sensing electrodes so as to 
define an enlarged spacing between each ESD electrode 

5 and adjacent sensing electrodes. 

8. A fingerprint sensor according to Claim 1 
wherein each sensing electrode has a generally 
rectangular shape; and wherein sensing electrodes 
adjacent each ESD electrode have cut-off corner 

5 portions to provide spacing for each ESD electrode. 

9. A fingerprint sensor according to Claim 1 
wherein said dielectric layer comprises a first 
dielectric layer, and further comprising: 

a second dielectric layer adjacent said 
5 electrically conductive layer and opposite said first 
dielectric layer/ and 

a semiconductor substrate adjacent said 
second dielectric layer and having active semiconductor 
devices formed therein. 
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10. A fingerprint sensor according to Claim 
1 wherein each ESD electrode comprises a vertically- 
conducting portion extending through said dielectric 
layer, and an enlarged top portion connected thereto. 

11. A fingerprint sensor according to Claim 
10 wherein said enlarged top portion comprises gold. 

12 . A fingerprint sensor according to Claim 
1 wherein said fingerprint sensing portion further 
comprises an electrically conductive guard ring 
surrounding each sensing electrode. 

13. A fingerprint sensor according to Claim 
1 further comprising a package surrounding said 
fingerprint sensing portion and having an opening 
therein to expose an upper surface of said fingerprint 

5 sensing portion. 

14. A fingerprint sensor according to Claim 
1 further comprising at least one respective isolation 
element connecting each of said ESD electrodes to said 
electrically conductive layer. 

15. A fingerprint sensor according to Claim 
14 wherein said isolation elements comprise at least 
one of a diode, a Zener diode, a resistor, and a 
transistor. 

16. A fingerprint sensor comprising: 

a fingerprint sensing, portion for sensing a 
fingerprint of a user positioned adjacent thereto, said 
fingerprint sensing portion comprising a dielectric 
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5 layer and an array of sensing electrodes carried 

thereby, said array of sensing electrodes being of a 
same size and shape; and 

a plurality of electrostatic discharge (ESD) 
electrodes also carried by said dielectric layer for 
10 BSD protection of said fingerprint sensing portion, 

each ESD electrode interposed between adjacent sensing 
electrodes; 

said array of sensing electrodes being 
arranged in a regular grid pattern with predetermined 
15 locations within the grid pattern being unoccupied by 
sensing electrodes and instead occupied by respective 
ESD electrodes . 

17. A fingerprint sensor according to Claim 
16 wherein said ESD electrodes are exposed at an upper 
surface of said dielectric layer. 

18. A fingerprint sensor according to Claim 
16 wherein said sensing electrodes are embedded in said 
dielectric layer. 

19. A fingerprint sensor according to Claim 
16 wherein outermost ones of said sensing electrodes 
define an available sensing area; and wherein said ESD 
electrodes occupy less than about ten percent of the 

5 available sensing area. 

20. A fingerprint sensor according to Claim 
16 wherein each of said ESD electrodes has a smaller 
size than the size of said sensing electrodes so as to 
define an enlarged spacing between each ESD electrode 

5 and adjacent sensing electrodes. 
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21. A fingerprint sensor according to Claim 
16 wherein said fingerprint sensing portion further 
comprises a semiconductor substrate adjacent said 
dielectric layer and having active semiconductor 

5 devices formed therein. 

22 . A fingerprint sensor according to Claim 
16 wherein each ESD electrode comprises a vertically- 
conducting portion extending through said dielectric 
layer , and an enlarged top portion connected thereto. 

23 . A fingerprint sensor according to Claim 
16 further comprising an electrically conductive layer 
adjacent said dielectric layer and connected to said 
plurality of BSD electrodes, said electrically 
5 conductive layer extending beneath said sensing 
electrodes . 

24 . A fingerprint sensor according to Claim 

23 further comprising at least one respective isolation 
element connecting each of said ESD electrodes to said 
electrically conductive layer. 

25. A fingerprint sensor according to Claim 

24 wherein said isolation elements comprise at least 
one of a diode, a Zener diode, a resistor, and a 
transistor. 

26. A fingerprint sensor according to Claim 
16 wherein said ESD electrodes have a substantially 
similar shape as said sensing electrodes. 

27. A fingerprint sensor comprising: 
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a fingerprint sensing portion for sensing a 
fingerprint of a user positioned adjacent thereto, said 
fingerprint sensing portion comprising a dielectric 
layer and an array of sensing electrodes carried 
thereby; 

a plurality of electrostatic discharge (ESD) 
electrodes also carried by said dielectric layer for 
ESD protection of said fingerprint sensing portion, 
each ESD electrode interposed between adjacent sensing 
electrodes, and said plurality of ESD electrodes being 
arranged in spaced apart relation in a regular pattern 
across said fingerprint sensing portion; and 

at least one respective isolation device 
connecting each of said ESD electrodes to a voltage 
reference • 

28. A fingerprint sensor according to Claim 
27 wherein said ESD electrodes are exposed at an upper 
surface of said dielectric layer. 

29. A fingerprint sensor according to Claim 
27 wherein said sensing electrodes are embedded in said 
diel ect r ic layer . 

30. A fingerprint sensor according to Claim 
27 wherein outermost ones of said sensing electrodes 
define an available sensing area; and wherein said ESD 
electrodes occupy less than about ten percent of the 

5 available sensing area. 
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31. A fingerprint sensor according to Claim 
2 7 wherein each of said array of sensing electrodes is 
of a same size; and wherein said array of sensing 
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electrodes are arranged in a regular grid pattern with 
5 predetermined locations within the grid pattern being 
unoccupied by sensing electrodes and instead occupied 
by respective ESD electrodes. 

32. A fingerprint sensor according to Claim 
31 wherein each of said ESD electrodes has a smaller 
size than the size of said sensing electrodes so as to 
define an enlarged spacing between each ESD electrode 

5 and adjacent sensing electrodes. 

33 . A fingerprint sensor according to Claim 
27 wherein each sensing electrode has a generally 
rectangular shape; and wherein sensing electrodes 
adjacent each ESD electrode have cut-off comer 

5 portions to provide spacing for each ESD electrode. 

34. A fingerprint sensor according to Claim 
27 wherein said fingerprint sensing portion further 
comprises a semiconductor substrate adjacent said 
dielectric layer and having active semiconductor 

5 devices formed therein. 

35. A fingerprint sensor according to Claim 
27 wherein each ESD electrode comprises a vertically 
conducting portion extending through said dielectric 
layer, and an enlarged top portion connected thereto. 

36. A fingerprint sensor according to Claim 
27 further comprising an electrically conductive layer 
adjacent said dielectric layer and connecting each of 
said isolation elements to the voltage reference, said 
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5 electrically conductive layer extending beneath said 
sensing electrodes. 

37. A fingerprint sensor according to Claim 
27 wherein said isolation elements comprise at least 
one of a diode , a Zener diode, a resistor, and a 
transistor. 

3 8. A fingerprint sensor according to Claim 
27 wherein the voltage reference comprises ground. 

39. A method for making a fingerprint sensor 
comprising: 

forming an electrically conductive layer; 
forming a fingerprint sensing portion 
adjacent the electrically conductive layer for sensing 
a fingerprint of a user positioned adjacent thereto/ 
the fingerprint sensing portion comprising a dielectric 
layer and an array of sensing electrodes carried 
thereby, the electrically conductive layer extending 
beneath the field sensing electrodes; and 

forming a plurality of electrostatic 
discharge (ESD) electrodes interposed between adjacent 
sensing electrodes and carried by the dielectric layer 
for ESD protection of the fingerprint sensing portion, 
each ESD electrode being connected to the electrically 
conduct ive layer . 

40. A method according to Claim 3 9 wherein 
forming the plurality of ESD electrodes comprises 
arranging the plurality of ESD electrodes in spaced 
apart relation in a regular pattern across the 

5 fingerprint sensing portion. 
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41. A method according to Claim 39 wherein 
forming the plurality of BSD electrodes comprises 
exposing the ESD electrodes at an upper surface of the 
dielectric layer. 

42. A method according to Claim 3 9 wherein 
forming the fingerprint sensing portion comprises 
embedding the sensing electrodes in the dielectric 
layer, 

43. A method according to Claim 39 wherein 
outermost ones of the sensing electrodes define an 
available sensing area; and wherein the ESD electrodes 
occupy less than about ten percent of an available 

5 sensing area of the array of the sensing electrodes. 

44. A method according to Claim 39 wherein 
each of the array of sensing electrodes is of a same 
size; wherein forming the fingerprint sensing portion 
comprises arranging the array of sensing electrodes in 

5 a regular grid pattern with predetermined locations 
within the grid pattern being unoccupied by sensing 
electrodes; and wherein forming the ESD electrodes 
comprises positioning the ESD electrodes in the 
predetermined locations. 

45. A method according to Claim 3 9 wherein 
each sensing electrode has a generally rectangular 
shape; and wherein sensing electrodes adjacent each ESD 
electrode have cut-off corner portions to provide 

5 spacing for each ESD electrode. 
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46. A method according to Claim 39 wherein 
each BSD electrode comprises a vertically conducting 
portion extending through the. dielectric layer, and an 
enlarged top portion connected thereto. 

47. A method according to Claim 39 further 
comprising forming at least one respective isolation 
element connecting each of the BSD electrodes to the 
electrically conductive layer. 



48. A method according to Claim 47 wherein 
the isolation elements comprise at least one of a 
diode, a Zener diode, a resistor, and a transistor. 
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FIG. h 
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